. Certain workers in the boot and shoe manufacturing industry also have an increased risk of nasal cancers (Acheson et al., 1970) . In addition, a preliminary investigation has indicated that nasal mucociliary function is impaired in woodworkers (Black et al., 1974) .
Nasal cancers are rare in the general population, but since 1967 it has been known (Achesqn et al., 1967) that this disease is a substantial risk for woodworkers exposed to dust in the furniture industry, and that the predominant type is adenocarcinoma. A country-wide investigation in England and Wales and less comprehensive investigations in Belgium, France and Denmark have confirmed this (Debois, 1969; Gignoux and Bernard, 1969; Mosbech and Acheson, 1971 ; Acheson et al., 1972) . Certain workers in the boot and shoe manufacturing industry also have an increased risk of nasal cancers (Acheson et al., 1970) . In addition, a preliminary investigation has indicated that nasal mucociliary function is impaired in woodworkers (Black et al., 1974) .
The purpose of this investigation was to study the incidence of nasal cancers of various histological types in relation to occupation, and to study airway symptoms, nasal mucociliary flow and airway resistance in woodworkers as well as dust levels in workrooms in the furniture industry.
Materials and methods
The study comprises an investigation of hospital Reprint requests to: Dr I. Andersen, Hygiejnisk Institut, Universitetsparken, DK 8000 Arhus C, Denmark.
Received for publication 7 March 1977 Accepted for publication 5 (Siegel, 1956 Table 1 shows the histological type of the ectodermal tumours by site. It appears that 59% were situated in the nasal cavity, whereas 17 and 24% were in the vestibular part of the nose or in the maxillary sinus respectively. The most common tumour in the nasal cavity was the epithelial papilloma, the next common was the adenocarcinoma. In the latter group of 17 patients, 12 were woodworkers; the remaining five comprised two farmers, a grocer, a nurse, and a farmer's wife. The latter were the only two women. There were 22 woodworkers altogether, the remaining 10 having an even distribution of other tumour types, and all being male. Three of the tumours in the vestibule of the nose were found in woodworkers (two carpenters and one turner), and there were two woodworkers (one carpenter and one sawyer) with maxillary sinus tumours. Table 2 gives the histological type of nasal cancers in woodworkers with different occupations. Adenocarcinoma was the most prevalent, and 10 out of 12 were found in cabinet and chair makers. The remaining 10 tumours were evenly distributed by type and worker's occupation.
Detailed information concerning occupational history was obtained from the 12 cabinet and chair makers with nasal adenocarcinoma; all had been working with several kinds of wood, primarily beech, oak and walnut but periodically also with mahogany and teak. The information was insufficient to allow quantification of the dust exposure. Nobody took snuff, and smoking was not allowed at work because of the fire risk. The latent period, or time from entry into the furniture industry to the discovery of the tumours is shown in Figure 1, During the measurements 41 workers were occupied with machine-and hand-sanding and 27 with work such as drilling, planing, or sawing. The average dust concentrations in these two groups were 14-3 and 5-2 mg m-3 respectively, which was a statistically significant difference. Teak was the material most frequently processed, followed by oak, chipboard and palisander, but mahogany, jakaranda, beech, ramin, motine, Masonite and pine were also processed. Thirty-seven workers processed only one material on the day of investigation, but 21 processed two to four different materials that day. The temperature in the workroom was 17-24°C, the relative humidity 38-63 %.
The most frequent complaints were dryness in the nose, eye irritation, nasal obstruction, prolonged colds and frequent headaches. Workers in dust concentrations below and above 5 mg m-3 have been compared, as the two groups (25 and 43 workers respectively) had the same age distribution, time of exposure to wood dust, and smoking habits. Inflammation of the middle ear was significantly more frequent among those exposed to the higher dust concetnration. Sinusitis, prolonged colds, asthma and troubles such as itching or bleeding nose, frequent sneezing and nasal obstruction were more prevalent among those exposed to high dust concentrations but the difference was not significant. No connection was found between symptoms and the work performed, time of exposure or age.
The nasal mucociliary transit time for the 68 subjects is shown in Figure 3 . The distribution curve had two maxima, one with 26 subjects (38%) at a transit time exceeding 40 minutes (defined as mucostasis) and one at a transit time of 14 minutes. The fastest transit time recorded was 6 minutes. Figure 4 shows the proportion of woodworkers with mucostasis at five different dust levels. It appears that the number ofsubjects with mucostasis increases in direct proportion to the dust concentration. In the group with the highest wood dust concentration (25 5 mg m-3) 63% had mucostasis, whereas this was found in only 11 % at 2-2 mg m-3. If only those in dust concentrations below and above 5 mg m-3 are considered, 20 and 49 % respectively had mucostasis. On average 9 2 months had passed since the subjects in the first group had a cold, whereas this interval was only [4] [5] [6] [7] [8] This difference, which is statistically significant, means that those working at dust concentrations higher than the TLV have more colds than those working at concentrations below the TLV.
Nine subjects with mucostasis were re-examined in their homes at the end of a weekend, that is after 48 hours without wood dust exposure. Three subjects were still mucostatic, whereas six had normal mucus transit times.
The FEV1.o and FEF2s-7s% were compared with theoretical values calculated from the weight and height of the subjects, but no differences were found, nor were there any differences in these measurements in subjects exposed to a high or a low dust concentration.
Discussion
Adenocarcinoma of the nose is a rare disease with an annual incidence of 0-9 per million in the total population. More than two-thirds of those affected were woodworkers in the furniture industry, making it abundantly clear that this disease is associated with work in the furniture industry.
The risk of adenocarcinoma in cabinet and chairmakers in England has been estimated at 0 7 ± 0 2/1000/year during the decade 1956-65, which is at least 500 times the risk incurred by all male adults (Acheson et al., 1968) . In the present investigation calculation of an incidence rate is complicated by the difficulty of estimating the population at risk. The latent period is on average 41 years, which means that occupational data from about the year 1930 are relevant. In Denmark an industrial census took place in 1935, and the total number of workers in the furniture industry was then about 6000 (Departement de Statistique, 1940 The woodworkers in this investigation were exposed to a wide variety of wood during their working life, and it is not possible to point out potentially carcinogenic types of wood or to estimate the amount of wood dust inhaled.
The wood dust measurements in the modern furniture industries indicate that the risk of nasal adenocarcinoma may still exist, for high wood dust concentrations are often found. Because wood has a mean specific gravity of about 0O8 (beech 0-66-0-83, oak 0-6-1-03) and a particle size distribution with a maximum of 6-10 ,um, a substantial amount of the dust will be deposited in the nose. Inert plastic dust with an almost identical size distribution and at a concentration of 25 mg m-3, in five hours does not change the transport rate of human nasal mucus (Andersen et al., in press ), for which reason it seems reasonable to exclude the mechanical effect of dust as the cause of the mucostatic effect of wood dust. One rather assumes that the latter is a chemical effect attributable to one or several soluble substances from the wood dust. The constituents of wood are numerous (Kadlec and Hanslian, 1972) , and the high temperatures caused by machining operations such as sanding make it possible that the constituents of wood dust differ from and are even more numerous than those of the wood substance itself.
An investigation of nine English furniture workers showed that seven had mucostasis or an extremely slow mucociliary transport rate (less than 1 mm min-'), and two had a normal transport rate (Black et al., 1974) . This observation has been confirmed in the present study where the number of subjects with mucostasis was much higher than that in the population as a whole (Proctor and Andersen, 1976) . Further, it appears that the number of mucostatic subjects is directly proportional to the wood dust concentration (Fig. 4) . The mucostatic effect, however, seems to be transient as six out of nine workers with mucostasis at work had normal transit rates by the end of a weekend. The study does not allow conclusions about the mucostatic properties of different kinds of wood dust which would be of great interest for future specification of their TLV levels. At present all kinds of wood dust have the same TLV of 5 mg m-3, which may be too high in view of the direct correlation between dust concentrations below the present TLV and the number, albeit small, of mucostatic subjects.
The consequences of impaired nasal mucociliary function are not known, but it may be assumed that it is a factor of importance in susceptibility to airborne disease and airborne noxious substances. This hypothesis is supported by the present study, in which workers at high dust concentrations had more colds than workers at low dust concentrations. It may also be assumed that the mucostatic factor in wood dust is of importance in the development of nasal adenocarcinoma in furniture workers because of the prolonged retention of wood dust in the nasal cavity.
